Calif;ornia and emergnc room visits for asthma during the winters of [1988] [1989] (4) (5) (6) (7) (8) . Several studies undertaken in the Pacific Northwest suggest that ambient particles, many of which are attributable to RWC, are linked with decrements in children's lung function and increased hospital emergency room (ER) visits for asthma (9) (10) (11) (11) . We investigated the effects of up to 5-day lags as well as multiday averages of PM1o.
Positive serial correlation is a common feature of time-series data, and can result in underestimation of the standard errors of regression coefficients. Examination of autocorrelation function (ACF) plots of the model residuals showed slight serial correlation only at lag 1 (p = 0.12-0.14 for the various models). This minimal degree of serial correlation is unlikely to produce biased significance tests (16) . Nevertheless, to address this issue, we reran the models using the general estimating equations (GEE) of Liang and Zeger (17) . In this approach, the covariance structure is incorporated into the estimation of the regression coefficients in addition to their variances, theoretically yielding robust estimators and correcting for serial correlation in the data. Though this method has been used in other time-series data sets (11) , recent simulations suggest that when the data are structured in few independent blocks, the GEE model may overstate the significance of regression coefficients. Accordingly, when using the GEE, we structured the data into 12 blocks (by hospital and year). Unlike Burnett and colleagues, we did not structure these blocks as random effects variables (18 The estimate of the variance from which the SE was derived was given by: vaArln(RR)} = var( )(PM1o)2 + var (13) [(minimum temperature)(PMlo)]2 + 2cov (;i ,3)(minimum temperature) (PM10) 2 The results of these analyses are displayed in Table 3 . As expected, the estimated RRs were strongly temperaturedependent. At In Santa Clara County, the main source of winter particle concentrations is RWC, though motor vehicle exhaust and entrained road dust also make significant contributions (2) . Wood smoke particles arise mainly from condensation of combustion gases and therefore tend to be distributed mainly in the submicron range, allowing substantial penetration to the indoor environment from outdoors (3). Wood smoke can also enter a residence directly via backdrafting from a fireplace or wood stove: It is possible that some of the asthmatics who later sought care at the local ER were exposed to smoke emitted from wood-burning devices in their own homes. A recent report indicates that use of a fireplace or wood stove on a given day strongly predicts exacerbation of respiratory symptoms in adults who have moderate or severe asthma (8) . However, because of the ecological design of this ER visit study, we could not assess individual exposures.
Others have also found delayed asthmatic responses to particulate or smoke exposure (20, 21) . In an analysis of ER visits after the Berkeley-Oakland hills firestorm of 1991, Shusterman and colleagues found that the mean lag between exposure to smoke and a visit to the ER was between 1 and 2 days, which is also consistent with our findings [D. Shusterman, personal communication; (21) ]. In Seattle, an area that has also experienced substantial wood smoke pollution, Schwartz and co-workers found that the mean PM1o concentration averaged over a 4-day period was the best predictor of ER asthma visits, also suggesting a delayed response (11) . In a study of daily mortality in Santa Clara County in relation to particulate air pollution, Fairley found that the strongest association with the outcome was a 2-day lag (2Z). Although daily mortality is clearly not directly comparable to asthma ER visits, finding delayed particle-associated adverse health events in the same locale lends additional plausibility to each report.
Our analysis also controlled for meteorological factors, and suggested that the combination of low temperature and particle concentrations is also an important predictor of asthma ER visits. Inclusion of the PM1o x minimum temperature interaction term increased both the magnitude and statistical significance of the PM1o coefficient, while the opposite was true for the coefficient for minimum temperature. In most model specifications the interaction term itself, though of small magnitude, was significant (p<0.05) and its inclusion improved the overall model fit. The significance of the PM x minimum temperature term in these regressions may be partly attributable to not having specified temperature adequately in other models. However, other specifications, including loess smooths of temperature, did not significantly improve the model fit without the interaction term.
Interpretation of this statistical interaction in meaningful biological terms is somewhat speculative. While exposure to cold dry air can precipitate bronchospasm in asthmatics, temperature was not strongly correlated with asthma ER visits in models that also included PM10. However (28, 29) . Nevertheless, the absence of an association between lagged or multiday specifications of NO2 and asthma ER visits in this data set, in addition to the observation that the NO2 regression coefficient lost its statistical significance in models that also included PM1o, suggest that the same-day association may be an artifact of covariation with PM1o. This Our results are consistent with numerous other recent reports linking airborne particles to adverse respiratory outcomes when measured outdoor concentrations are lower than the federal ambient air quality standard for PM10 (33) . To the extent that the associations noted in this report represent causal relationships, it is plausible that the heterogeneous categories of substances subsumed by PM10 (or fine particles, which represent the bulk of RWC-related particles and which also are capable of substantial penetration to the indoor environment) may be responsible. In this study of winter air pollution and asthma, however, airborne particles represent but one of many respiratory irritants in wood smoke, including formaldehyde, acrolein, acetaldehyde, acetic acid, phenol, and nitrogen oxides, among others (3) . Though the mean contribution of wood smoke to particle mass was reported to be approximately 45%, in some of the narrow inland valleys in Santa Clara County the percentage is likely to have been substantially higher.
Thus, though PM1o is a routinely monitored indicator for wood smoke, the respiratory toxicity of the mixture, rather than particles per se, may have driven the relationships reported here. On the other hand, since approximately half of the winter particle mass during this study period was attributable to sources other than RWC, one cannot directly link the elevated RRs observed here exclusively to the latter.
Unlike most other human activities that generate air pollution, RWC remains largely unregulated, despite substantial contributions to atmospheric particle loading in many areas of North America, especially in the western United States. It is also a major source of indoor pollution in many developing countries. Though wood combustion is probably the oldest form of anthropogenic pollution, there is a paucity of data on health impacts of smoke inhalation except at high concentrations. Future research should address effects of ambient levels of wood smoke on sensitive subpopulations (i.e., asthmatics) in chamber studies and in epidemiologic investigations in areas where RWC is the primary source of air pollution.
